to evaluate associations between maternal anxiety or depression and adverse pregnancy outcomes, taking possible familial confounding and interaction with asthma into account, we conducted a cohort study of all singleton births in Sweden 2001-2013. We retrieved information about pregnancy, diagnoses of anxiety/depression, asthma, and prescribed medication from the Swedish Medical Birth, national Patient, and Prescribed Drug Registers. We estimated associations with regression models, performed cousin and sibling comparisons, and calculated interactions. In 950 301 identified pregnancies; 5.9% had anxiety/depression and 4.0% had asthma. Anxiety/depression was associated with adverse pregnancy outcomes (e.g. preeclampsia, adjusted Odds Ratio 1.17 (95% Confidence Interval 1.12, 1.22), instrumental delivery (1.14 (1.10, 1.18)), elective (1.62 (1.57, 1.68)) and emergency (1.32 (1.28, 1.35)) caesarean section (CS)). Their children had lower birth weight (−54 g (−59, −49)) and shorter gestational age (−0.29 weeks (−0.31, −0.28)). Associations were not confounded by familial factors and asthma did not modify the effect of anxiety/depression for outcomes other than elective CS, p < 0.001. In women with anxiety/depression diagnosis, untreated women had higher odds of elective cS compared to women on medication (1.30 (1.17, 1.43)). In conclusion, anxiety/depression should be considered when evaluating pregnant women's risk of complications such as preeclampsia and non-vaginal deliveries.
, and studies have indicated that the prevalence of depression is as high as 6-15% in pregnant women 2, 3 . Anxiety and depression are closely associated conditions that may affect not only psychological well-being but also the prognosis of other diseases 4, 5 , and depression or anxiety is associated with asthma diagnosis 6 . Previous studies have also shown that maternal psychological stress (anxiety and/or depression) is associated with adverse outcomes during pregnancy, as well as adverse events in the child [7] [8] [9] [10] . The mechanisms for the association between anxiety or depression and adverse outcomes in pregnancy are yet to be clarified. Although generally recommended during pregnancy, antidepressant medication, such as selective serotonin re-uptake inhibitors (SSRIs), are not always used by the pregnant woman, perhaps out of concern for adverse foetal effects associated with the medication 11 . However, previously observed associations between SSRIs and low birth weight or preterm birth may be confounded by factors such as the depressive disorder itself or specific characteristics of women taking SSRI during pregnancy 12, 13 . In addition, common familial factors (such as shared genes and environment) may be confounders for the association. In order to adjust for those factors a family-design approach can be used 14 , allowing adjustment for all familial factors that cousins and siblings share. Previous studies have also investigated whether familial factors may confound the association between maternal anxiety and depression during pregnancy and offspring asthma using cousin analyses and found that the association between maternal anxiety or depression and offspring asthma was not due to familial confounding 15 .
www.nature.com/scientificreports www.nature.com/scientificreports/ In earlier studies, we have assessed the association between maternal asthma and adverse pregnancy-, delivery-and perinatal outcomes 16, 17 . There are known associations between maternal prenatal anxiety or depression and maternal or offspring asthma 6, 15, [18] [19] [20] as well as between maternal anxiety or depression and adverse pregnancy outcomes similar to outcomes seen in asthmatic mothers 7, 10, 21, 22 , perhaps due to increased levels of stress hormones 23 . Thus, the presence of both conditions may increase the risk of adverse pregnancy outcomes above what would be expected from the risk of each condition alone. To our knowledge such an interaction has not been previously assessed and could help determine which subgroups may benefit the most from an intervention, as well as help to understand the mechanisms leading to adverse pregnancy, delivery, and birth outcomes.
Our aim was to study pregnancy outcomes in women with maternal prenatal anxiety or depression, and to determine if potential associations were confounded by factors shared by cousins and siblings respectively. We also aimed to examine possible interaction (additive or multiplicative 24 ) between maternal anxiety or depression and maternal asthma on the risk of adverse pregnancy outcomes.
Results
In the study population of 661 956 women we identified a total of 1 075 153 pregnancies during the study period from 2001 to 2013. Individuals with missing covariates (124 852) were excluded so the final cohort included 950 301 pregnancies by 616 667 mothers. After random selection of one pregnancy per individual for the cousin and sibling analyses, we identified 35 156 women discordant for maternal anxiety and depression in 16 175 cousin clusters and 17 638 women in 8145 sister clusters giving birth during the study period. In the final cohort, the prevalence of prenatal maternal anxiety or depression according to our definition was 5.9% (56 297), and 4.0% (37 686) fulfilled our criteria for prenatal maternal asthma. In total 4892 (0.5%) had both anxiety/depression and asthma during the study period. The women in this subgroup were less educated, had a slightly higher BMI, and less likely to live with the child's father the year prior to delivery compared to the whole cohort, Table 1 .
Main analysis. Maternal anxiety or depression was associated with higher odds for preeclampsia or eclampsia, adjusted odds ratio, aOR, 1.17 (95% confidence interval, CI, 1.12, 1.22) but not with placental abruption, Table 2 . For instrumental vaginal delivery, elective and emergency caesarean section the odds were also higher among women with anxiety or depression compared to women with no anxiety or depression (e.g. elective caesarean section aOR 1.62 (95% CI 1.57, 1.68).
Mean birth weight was lower (−54 g (95% CI −59, −49)) and gestational age shorter (−0.29 weeks (95% CI −0.31, −0.28)) in the maternal anxiety or depression group compared to the general population, while the odds of delivering a child small for gestational age (aOR 1.03 (95% CI 0.97, 1.09)) did not differ. In contrast, the odds of large for gestational age were slightly higher among women with anxiety or depression (aOR 1.09 (95% CI 1.04, 1.13)) compared to the general population, Table 3 .
Adjusting for familial factors shared by first cousins and sisters generally produced small changes to point estimates but wider confidence intervals. In sisters, for instance, the adjusted odds ratio for preeclampsia or eclampsia was 1.10 (95% CI 0.88, 1.32), Table 2 . Similar patterns could be seen for the perinatal outcomes in Table 3. interaction analyses. Next, we evaluated whether maternal asthma interacted with anxiety or depression on the risk of adverse pregnancy outcomes, and found that the combination of anxiety or depression and asthma showed the highest odds ratios for most of our studied outcomes compared to the reference group having neither exposure, Table 4 . In the case of preeclampsia or eclampsia for instance, women with both anxiety/depression and asthma had an aOR of 1.45 (95% CI 1.29, 1.64), while the corresponding OR was 1.15 (95% CI 1.10, 1.20) for women with anxiety/depression but no asthma, and 1.28 (95% CI 1.22, 1.35) for women without anxiety/depression but with asthma. Despite these findings, there were no strong indications of additive interaction (relative excess risk due to interaction) being present, for example preeclampsia or eclampsia RERI 0.02 (95% CI −0. 16, 0.20) . Similarly, there were no signs of additive interaction for the continuous outcomes of birth weight and gestational age (for example birth weight −17 grams (95% CI −35, 2 grams), gestational age −0.05 weeks (95% CI −0.11, 0.13 weeks).
We also assessed multiplicative interaction. Among women with maternal anxiety or depression, asthma status made little difference on the effect on pregnancy, labour and birth outcomes (aOR for preeclampsia or eclampsia without asthma 1.15 (95% CI 1.10, 1.20) and with asthma 1.14 (95% CI 1.00, 1.29), Fig. 1 and Table S1 . Frequencies of pregnant women with the various outcomes in the different groups are shown in Fig. 2 . When assessing potential interaction between anxiety or depression and asthma on the multiplicative scale, it was only the effect on elective caesarean section that turned out altered, and the positive association between anxiety or depression and elective caesarean section was less pronounced in women with asthma than in women without (p-value < 0.001). Figure 1 and Table S1 . Table S2 .
In the analysis of women with a diagnosis of maternal anxiety or depression contrasting those with or without medication, those on medication did not have any increased risk of pregnancy complications. On the contrary, women without medication had an increased risk of elective caesarean section aOR 1.30 (95% CI 1.17, 1.43), Table S3 .
Discussion
In this population-based cohort study of more than one million Swedish births by 661 956 women in the years 2001 to 2013, we found that maternal prenatal anxiety or depression during pregnancy increases the odds of adverse pregnancy outcomes, such as preeclampsia or eclampsia, emergency caesarean section, low gestational age, low birth weight and large for gestational age. The robustness of estimates in cousin and sibling analyses compared to the full cohort analysis indicates that the associations are not confounded by genetic or environmental factors shared within families.
We also found multiplicative interaction of the effects of maternal asthma and prenatal anxiety or depression on the risk of elective caesarean section. However, there was no significant additive interactions between maternal asthma and maternal prenatal anxiety or depression for this or any other outcomes. The general lack of both additive and multiplicative interaction, elective caesarean section excluded, is a bit surprising but might be explained by the high degree of comorbidity of these diseases 25, 26 and confirms that it is important to address both asthma and mental health issues in pregnant women.
Previous studies have examined the association between anxiety or depression and hypertensive disorders in pregnancy 22, 27 with similar results as we have seen in our study. In a retrospective study of 22 825 women, emergency caesarean section was shown to be associated with anxiety or depression 28 . Gestational age and birth weight in association with anxiety or depression has also been assessed previously and finding suggest effects on at least 29 . Using another type of design, Viktorin 12 and Sujan 13 compared gestational outcomes of mothers who were discordant for SSRI and other anti-depressive medication during two pregnancies and concluded that exposure to anti-depressive medication may be causally related to preterm birth. In our analyses we extended this to additional diagnoses and medication, and in a similar way adjusted for familial confounding. We saw an association with low birth weight in both the full cohort and in the cousin and sibling sub-groups, however we couldn't see any association with the child being small for gestational age, which is similar to the results by Sujan et al. www.nature.com/scientificreports www.nature.com/scientificreports/ We have previously studied the association between maternal asthma and adverse pregnancy outcomes, such as preeclampsia, instrumental delivery, caesarean section, and child being small for gestational age 16, 17 , and those findings were further confirmed in this study.
In sensitivity analysis of women with a diagnosis of prenatal anxiety or depression with or without medication, we found slightly lower point estimates in the group without medication for most outcomes except elective caesarean section, although the inability to detect differences in estimates between the groups also could be explained by loss of power. Those without medication could for different reasons be more reluctant to use medication during pregnancy 30 , maybe due to higher levels of anxiety for the pregnancy and foetus. A possible explanation for the elective caesarean section to stand out both in the sensitivity analysis of women with or without medication and in the multiplicative interaction analysis is that there is something intrinsically different about this outcome. The other outcomes are either measurable (such as gestational age or birth weight), based on specific criteria (pre-eclampsia 31 ) or occur after specific pre-established conditions have been met (for instance instrumental delivery or emergency caesarean section when there is sign of foetal distress). The indication for elective caesarean section is much wider and more heterogeneous, and although in Sweden still mostly done for valid medical reasons, there is an increase of elective caesarean section on wider indications 32 . If a women has untreated anxiety or depression the obstetrician might be more open to elective caesarean section on a wider indication, e.g. the perception that the woman may be less capable of going through normal labour. This is the first study to examine maternal anxiety or depression and the association with several clinically important pregnancy-, delivery-and perinatal outcomes, taking familial confounding into account. The study has several major strengths. It is a large population-based study with close to a million singleton births and 16 175 clusters of cousin pregnancies and 8145 clusters of sister pregnancies discordant for maternal anxiety or depression. The family design allowed us to adjust for unmeasured confounders such as shared genes and common environment. The use of prospectively and independently collected data has eliminated the risk for recall bias. The size of the population has also enabled us to adjust for many known confounders. It is also the first study to examine how additive and multiplicative interaction between maternal asthma and anxiety or depression affects the studied outcomes. Previous studies have assessed the association between the two 15, 20 but not addressed whether Table 4 . Additive Interaction between maternal anxiety/depression and maternal asthma* for the effect on adverse pregnancy, delivery and perinatal outcomes. Each group is compared to the no anxiety/depression and no asthma group. *Anxiety, depression and asthma from the year before pregnancy until end of pregnancy. † Additive interaction exists if not equal to zero. ‡ Adjusted for country of birth, smoking, cohabitation, maternal education level, BMI, age. § P < 0.01. (2019) 9:13101 | https://doi.org/10.1038/s41598-019-49508-z www.nature.com/scientificreports www.nature.com/scientificreports/ there is a mutual effect on pregnancy outcomes in order to evaluate clinical relevance and possible etiology. Furthermore, we have looked at anxiety or depression with or without medication in order to determine if the observed associations were driven by medication use.
There are also limitations to the study. The use of family design has limitations 33 that are important to consider, for instance the influence of measurement errors and unmeasured confounding may be inflated from the selection of discordant family members. However, by collecting exposure data from different and independent sources measurement error is likely to be reduced. Additionally, there might be confounders that are shared to a less extent within families. This would lead to higher estimates in the within-analyses and might be counteracted by measurement errors. There is also a large drop of power in the family-design analyses since the only informative participants are those discordant for anxiety or depression and the outcome. This can be a reason for the statistically non-significant results across many of the outcomes. Also, because the diagnoses collected from the Patient Register for this study only include specialist care diagnoses, we are missing those diagnosed by general practitioners, who handle a large part of asthma, anxiety and depression patients in Sweden. The more severe cases are however more likely to have a diagnosis in the register (and thus found in our searches). For instance, the prevalence of asthma was lower than expected and at least for the earlier part of the cohort we suspect that many of the asthma diagnoses belong to women with a more severe disease. Sensitivity analyses however showed similar results for the earlier and later birth years. We have used diagnosis and medication for anxiety and depression as a measure of psychological stress, although medications for depression are also used in other conditions, such as chronic pain management 34 ; still, such conditions are also stressful and known to have high co-morbidity with depression and anxiety 35 . Also, because this is a register-based study we can only speculate the reasons for choosing elective caesarean section. Figure 1 . Adjusted odds ratios for the association between anxiety or depression and adverse pregnancy, delivery and perinatal outcomes in all women without asthma and all women with asthma respectively, from the year before pregnancy until delivery. P-values are from testing a multiplicative interaction between anxiety or depression and asthma. In conclusion, we show that there is an association between maternal prenatal anxiety or depression and adverse pregnancy outcomes, which is not confounded by familial factors shared by cousins and siblings. We also show that there is no interaction between maternal anxiety or depression and maternal asthma for any of the outcomes studied, except for elective caesarean section. Clinically, these risks must be highlighted and especially the higher occurrence of elective caesarean section addressed. Further research should examine how well-controlled asthma as well as optimally treated anxiety or depression may affect the rates of caesarean section and other outcomes.
Methods
Study design and population. To study the effects of maternal anxiety or depression during pregnancy, and possible interaction with maternal asthma, on the risk of adverse pregnancy and delivery outcomes we used a cohort consisting of all Swedish births between 2001 and 2013. The Medical Birth Register 36 was used to identify women giving birth during the study period. Using the Swedish Personal Identity Number, a unique identifier for each permanent resident in Sweden 37 , we then linked the cohort to the Swedish Prescribed Drug Register 38 and the Patient Register 39 . Using the Multi Generation Register 40 we identified cousins and sisters from the same family giving birth during the study period.
Multiple gestation pregnancies were excluded because of characteristics that differ substantially from singleton pregnancies, in order to facilitate interpretation of results 41 . exposure. Our exposures were maternal anxiety and/or depression from the year before pregnancy until delivery, identified in the inpatient and/or outpatient part of the Patient register as having ICD-10 diagnosis codes F30-34, F38-42, F44-45 or F48 -and in the Swedish Prescribed Drug Register as ATC-codes N05B and N06A -dispensed at least twice during the year before pregnancy up until delivery 15 . Our second exposure was maternal asthma during the year before pregnancy up until delivery, identified as having at least two dispenses of asthma medication (ATC codes R03AC, R03AK, R03BA, R03DC) or asthma diagnosis (ICD-10 codes J45 and J46) 42 .
outcomes. Data on complications during pregnancy (pre-eclampsia, placental abruption), delivery (instrumental vaginal delivery, caesarean section) and birth outcomes (birth weight, gestational age, small-and large for gestational age 43 ) were collected from the Medical Birth Register.
covariates. We selected possible confounders based on subject-matter informed directed acyclic graphs 44 , and collected data on these from the Medical Birth Register and the longitudinal integration database for health insurance and labor market studies (LISA by Swedish acronym) maintained by Statistics Sweden 45 . The covariates that were deemed possible confounders were self-reported maternal smoking and body mass index at the first antenatal visit, civil status, country of birth and socioeconomic status defined as the highest attained level of education.
Statistical methods. All analyses were done using Stata 15 46 . In a first step we estimated prevalence, crude and adjusted odds ratios and beta coefficients with 95% confidence intervals, using logistic and linear regression, for the selected outcomes using maternal anxiety or depression as exposure in the full cohort. To account for the clustering of observations within women with multiple deliveries, a sandwich estimator for the standard errors was used. In order to adjust for familial factors (genes and environment) shared by first cousins/sisters we then identified groups of cousins and full sisters discordant for the exposure and outcome, and randomly selected one pregnancy per individual. We used conditional logistic regression for the binary outcomes, conditioning on first cousins and full sisters (same mother and father) among the women giving birth during the study period, and for continuous outcomes a linear regression model with fixed effects estimator was used 47 . Second, we included an interaction term between maternal anxiety or depression and maternal asthma to test for effect measure modification on the additive scale in the linear regression models (continuous outcomes) and the multiplicative scale in logistic regression (dichotomous outcomes). Differences in effects were tested with likelihood ratio test. Estimation of RERI (Relative Excess Risk due to Interaction), using the STATA package ic 48 , allowed us to evaluate potential interaction on the additive scale also for dichotomous outcomes.
Because data on medication is only available in the Swedish Prescribed Drug Register from 2006, the first half of the study population (2001-2005) may differ from the later (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) in that exposure classification was based on diagnosis in the former and diagnosis or medication in the latter. In order to discern possible differences between birth cohorts a sensitivity analysis was done, estimating odds ratios and beta coefficients for the association between anxiety or depression and the outcomes stratifying the cohort to either birth years 2001-2004 or 2010-2013 . To assess the possibility that medication use could indicate a more severe case of anxiety or depression, a sensitivity analysis was also done among the women with a diagnosis of anxiety or depression and information on medication (2006 to 2013). Odds ratios and beta coefficients for the outcomes were estimated in women with and without medication for anxiety and depression. ethical approval. Permission for this study was obtained from the Regional Ethical Review board in Stockholm, Sweden (reference 2013/862-31/5). In accordance with their decision, we did not obtain informed consent from participants involved in the study. All data were de-identified prior to analyses.
